Introduction
============

Direct charges for health care at the point of use (user fees), can limit access to health services and push households into poverty.[@R1] Many governments nonetheless continue to rely heavily on user charges to finance health systems. This is especially so in low-income countries, where the health sector is usually under funded.[@R1] A recent survey of 50 high-mortality countries in Africa and Asia found that 44 of these countries continue to levy user fees for health care.[@R2]

User fees may also hinder the achievement of the health-related Millennium Development Goals (MDGs). Of the 75 countries where more than 95% of all maternal and child deaths occur, only 23 are on track to achieve MDG 4 (reduce the mortality rate by two thirds among children less than five years of age) and only nine are on track to achieve MDG 5 (reduce the maternal mortality ratio by three quarters).[@R3]

Eliminating user fees for pregnant women and children has been suggested as a strategy to increase coverage of high-impact interventions to achieve the MDGs and to move towards universal health coverage.[@R4]^--^[@R6] In 2010, the African Union called for the elimination of user fees for children less than five years of age,[@R7] and several African countries have now adopted this approach.[@R2]

Burkina Faso is a low-income country, with 44% of the population living in poverty.[@R8] In its Sahel region in 2008, user fees were eliminated for pregnant women and for children less than five years of age, in two out of the region's four health districts.[@R9] This was achieved by a complex strategy building on existing programmes to cover health-financing gaps.

To evaluate the estimated effect of eliminating user fees on the target populations we asked two questions: For key maternal and child health interventions, did the user-fee elimination strategy increase receipt of needed health services (coverage)? Consequently, did it reduce mortality in the target populations? We used analytical techniques for ex-post impact evaluation and mathematical modelling to test whether the user-fee elimination strategy increased health-care coverage and reduced mortality. We also explored the anticipated mortality impact of scaling up a similar intervention to the entire Sahel region and to the national level.

Methods
=======

This study was approved by the research ethics committee of the Centre de Recherche du Centre Hospitalier de l'Université de Montréal (project 09.122), Burkina Faso's ministry of health and local ethics committees.

To assess whether eliminating user fees would affect child and maternal mortality, we triangulated evidence using multiple data sources and analytical techniques to assess the effect of the user-fee elimination programme on coverage of specific health interventions. We then used the Lives Saved Tool (LiST) to link evidence on coverage improvements to anticipated mortality declines. The user-fee elimination programme provided a subsidy to render medical services free-of-charge at point-of-care for all pregnant women and for children less than five years of age in two health districts: Dori and Sebba.[@R9] Since 2007, the government organized an 80% emergency obstetrical and neonatal care (*Soins obstétricaux et néonataux d'urgence*) subsidy associated with facility-based delivery. For pregnant women, the user-fee elimination programme hence reimbursed the complementary 20%. For children, the government provides basic preventive interventions free-of-charge, but requires payment for curative services and drugs. The user-fee elimination programme reimbursed designated primary health centres to render all consultations and prescriptions free at point-of-care for children less than five years of age.[@R9]

The Humanitarian Aid Office of the European Commission provided funding. Regional health authorities and the German nongovernmental organization Hilfe zur Selbsthilfe were the implementation partners.

Mathematical modelling
----------------------

We modelled the effect of eliminating user fees using the freely available mathematical model LiST, version 4.53 (Johns Hopkins Bloomberg School of Public Health, Baltimore, United States of America; available from: <http://www.jhsph.edu/departments/international-health/centers-and-institutes/institute-for-international-programs/list/index.html>). The model structure has been described elsewhere.[@R10]

LiST was chosen because its target populations are identical to those of the study, and the study's health interventions (i.e. given birth at health facility and children treated for diarrhoea, malaria or pneumonia) are represented in LiST. In addition, the model has been shown to provide accurate predictions of neonatal and child mortality associated with intervention scale-up in diverse geographical settings,[@R11]^--^[@R13] including western Africa.[@R12]

### Model parameters

We used LiST default demography, proportional mortality and intervention effectiveness estimates. All other variables were classified into one of two categories.

Category 1 consisted of variables unaffected by user-fee elimination. We updated LiST parameters using data from household surveys,[@R8]^,^[@R14]^--^[@R19] United Nations agencies' estimates,[@R20]^,^[@R21] national administrative data[@R22]^,^[@R23] and research reports.[@R24] To ensure accurate estimation of mortality, category 1 indicators reflect changes in health-care coverage over the study period. (Appendix A, available from: <http://www.equitesante.org/helpburkina/articles-scientifiques/user-fee-elimination-reduces-maternal-child-mortality>). Variables potentially affected by user-fee elimination, but for which data on coverage impact were lacking, were also grouped in this category.

Category 2 consisted of four health care variables potentially affected by user-fee elimination: one related to pregnant women (giving birth at a health facility) and three related to children (treatment for diarrhoea, pneumonia or malaria, with oral rehydration salts, antibiotics or artemesinin, respectively). For these four variables, we developed statistical models -- adjusted for potential confounding variables -- to estimate the impact of user-fee elimination on health-care coverage. Coverage data for 2008 were taken from external sources ([Table 1](#T1){ref-type="table"}).[@R15]^,^[@R25]^,^[@R26]

###### Definition of study variables and baseline estimates of health-care coverage, Burkina Faso, 2008

  Variable                               LiST variable definition^a^                                                                                            Health-care coverage, % and reference   
  -------------------------------------- ---------------------------------------------------------------------------------------------------------------------- --------------------------------------- -------------------
  Facility delivery                      Percentage of infants delivered in a health facility                                                                   35[@R15]                                39[@R15]^,^[@R25]
  Oral rehydration salts for diarrhoea   Percentage of children with diarrhoea given sachets of oral rehydration salts                                          10[@R15]                                21[@R25]
  Antibiotics for pneumonia^b^           Proportion of children 1--59 months with suspected pneumonia or acute respiratory infection treated with antibiotics   33^c,^[@R26]                            31[@R25]
  Artemesinin for malaria                Proportion of children 0--59 months with a fever receiving any appropriate antimalarial                                26[@R15]                                41[@R25]

LiST: Lives Saved Tool.

^a^ Variables are defined as recommended for the use of the LiST model. Variables definitions correspond to data routinely collected in demographic and health surveys; the exception is receipt of antibiotics for pneumonia which is difficult to assess using household survey data.[@R27]

^b^ For the Sahel, as primary data were not available, we used the overall midpoint data derived from a representative survey of 16 Sahel districts in a recent evaluation of a programme to improve maternal and child health in Burkina Faso. These data were collected specifically for the LiST model using appropriate definitions. We also considered a range representing the midpoints from all 16 districts.[@R26]

^c^ The range for antibiotic treatment for pneumonia was 10--56%.[@R26]

### Statistical modelling

For each of the variables in category 2, the intervention effect from 2008 to 2009 reflects the difference in the proportion of individuals seeking medical care due to elimination of user fees. For the three variables related to children´s health, this was due directly to user-fee elimination. For pregnant women giving birth in a facility, the difference is due to the combined effect of the user-fee elimination programme and the governmental emergency obstetrical and neonatal care subsidy.

For pregnant women giving birth in a facility, we ran interrupted time-series analyses covering a 96-month period (January 2004 to December 2011), including three years before the introduction of the emergency obstetrical and neonatal care subsidy. Population-level information was extracted from administrative records contained in Burkina Faso's national health information database for all 71 primary health centres in all four Sahel health districts, two in which user fees were eliminated (Dori and Sebba) and two which maintained user fees (Gorom-Gorom and Djibo) but had similar health and living standards, geography, culture and climate.

We developed multilevel Poisson models (district, primary health centre, monthly deliveries) to study the effect of the emergency obstetrical and neonatal care subsidy and user-fee elimination programme both individually and in combination on the likelihood of delivery in a primary health centre. We used sitewise random intercepts and slopes and estimated intervention effects as rate ratios.[@R28] In total, 6302 deliveries were recorded. Rate ratios (RR) and 95% confidence intervals (CI) were estimated by multilevel Poisson regression, adjusting for district, primary health care centres, secular trend, seasonal variation, statistical overdispersion and (via an offset) population growth.

To evaluate the effect of eliminating user fees for childhood consultations for diarrhoea, pneumonia and malaria, we used data from a household survey in the two health districts where the user fees had been eliminated.[@R9]^,^[@R29] The sampling approach was based on probability proportional to size selection of census tracts and random selection of households.[@R30] The same households were surveyed in July and August 2008 before the intervention, and again one year after implementation (July and August 2009). Survey data included households' social and economic characteristics, health symptoms and needs within the last 30 days for children less than five years of age and health-care utilization. We developed multilevel (district, primary health centre, household) logistic regression models to estimate the effect of eliminating user fees on consultations for children reporting symptoms of diarrhoea, cough and fever.

The final regression model predicting childhood consultations included a propensity score term to adjust for overt selection biases while reducing the covariates to a one-dimensional score.[@R31]^,^[@R32] The dependent variable for the propensity score model was the probability of an observation belonging to the intervention year 2009. The final model also contained interaction terms distinguishing the clinical subgroups -- diarrhoea, cough and fever. The 12-month intervention effects for Dori were used in the LiST analysis to represent the intervention effect on diarrhoea, pneumonia and malaria coverage at one year. Odds ratios (ORs) and their CIs were applied to different scenarios of baseline risks before conversion to approximate relative risks for use in LiST modelling, because the assumption of homogeneity over varying baseline risks holds much better for ORs than for risk ratios.[@R33]Supplementary analyses with the variables any childhood consultation or severe diarrhoea were used to validate the main analysis. Severe diarrhoea was defined as an episode reported as life-threatening or incapacitating.

We used Stata 12 (StataCorp LP, College Station, USA) and SAS 9.3 (SAS Institute, Cary, USA) for the analyses.

### LiST analyses

For each variable, to calculate health care coverage for 2009, we multiplied 2008 coverage values in [Table 1](#T1){ref-type="table"} by estimated intervention effects from the main analyses in [Table 2](#T2){ref-type="table"}. We then used LiST to model the mortality impact of the difference in coverage between 2008 and 2009 due to the user-fee elimination. We projected results for the two Sahel health districts constituting the user-fee elimination target population and for the entire Sahel. We also projected the impact of scale-up to the national level in Burkina Faso. National projections apply estimated intervention effects from the main analyses in [Table 2](#T2){ref-type="table"} to models parameterized to reflect national demography, epidemiology and intervention coverage. Proportional mortality and intervention effectiveness remained unchanged from analyses for the Sahel.

###### Estimates of the effect of user-fee elimination on medical consultations used in mortality projections,^a^ in the Sahel region of Burkina Faso 2008--2009

  Indicator                              Statistical analysis      Control group   Data source                                                                                                                                                                                                                Intervention effect, midpoint of relative risk (95% CI)^b^
  -------------------------------------- ------------------------- --------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------
  **Main analyses^c^**                                                                                                                                                                                                                                                                                        
  Facility delivery^d^                   Interrupted time series   Yes             Administrative data from the national health information system for Dori and Sebba (districts that eliminated user fees) and Gorom Gorom and Djibo (districts that maintained user fees), before and after interventions   1.64 (1.52--1.71)
  Oral rehydration salts for diarrhoea   Propensity score          No              Baseline and endline household surveys on user-fee elimination[@R6]                                                                                                                                                        1.65 (1.09--1.98)
  Antibiotics for pneumonia              Propensity score          No              Baseline and endline household surveys on user-fee elimination[@R6]                                                                                                                                                        1.59 (0.67--2.15)
  Artemesinin for malaria                Propensity score          No              Baseline and endline household surveys on user-fee elimination[@R6]                                                                                                                                                        1.75 (1.17--2.12)
  **Validating analyses^e^**                                                                                                                                                                                                                                                                                  
  Any childhood consultations^f^         Interrupted time series   Yes             Administrative records from a stratified random sample of primary health centres drawn from Dori (district that eliminated user fees) and Djibo (a neighbouring district that maintained user fees)                        2.18 (2.17--2.18)
  Severe diarrhoea^g^                    Propensity score          No              Baseline and endline household surveys on user-fee elimination                                                                                                                                                             1.88 (1.37--2.10)

CI: confidence interval.

^a^ All analyses used multilevel regression models adjusted for confounding variables to compare service use before introducing the interventions and at 12 months after user-fee elimination.

^b^ Values are for Dori, because they represent a more conservative intervention effect.

^c^ These results were used in all mortality projections.

^d^ For facility delivery, the intervention effect represents the combined effect at 12 months of the emergency obstetrical and neonatal care) subsidy (*Soins obstétricaux et néonataux d'urgence)* and the user-fee elimination intervention. The analysis includes data from three years before the start of the two interventions. ^e^ Used to validate results from the main analyses. Results were not used in mortality projections.

^f^ This analysis considers childhood consultations for any indication. The sample included 12 primary health centres in Dori (district with user-fee elimination) and six primary health centres in Djibo (district withoutuser-fee elimination).[@R29]

^g^ We did a propensity score analysis to investigate the hypothesis that the intervention effect would be greater in those with more severe diarrhoea, defined as those in which a child's activities were restricted or life was endangered.

Sensitivity analyses were used to explore the consequences of a range of reasonable alternatives. As LiST does not permit probabilistic sensitivity analyses, we focused on univariate and scenario-based approaches. Scenarios considered uncertainty in values for key model parameters as well as statistical uncertainty when estimating intervention effects (Appendix B; available from: [http://www.equitesante.org/helpburkina/articles-scientifiques/user-fee-elimination-reduces-maternal-child-mortality](http://www.equitesante.org/helpburkina/articles-scientifiques/user-fee-elimination-reduces-maternal-child-mortality/)).

For the Sahel, we had no reliable data on existing levels of antibiotic coverage for pneumonia in 2008. We explored three scenarios representing average, low and high estimates of antibiotic coverage for children. Within each scenario, we estimated lives saved based on the midpoint, and the upper and lower 95% CIs for user-fee elimination intervention effects. The Sahel mortality scenario is based on Burkina Faso's 2010 demographic and health survey and multiple indicator cluster survey, which estimated 235 deaths per 1000 live births for under-five mortality.[@R15] Estimated Sahel maternal mortality was 840 per 100 000 births.[@R34]

National-level analyses considered high- and low-mortality scenarios due to uncertainty concerning the background of mortality rates. High-mortality scenario for children less than five years of age was based on United Nations Inter-agency Group for Child Mortality Estimation, which was 178 deaths per 1000 live births for Burkina Faso in 2010,[@R35] similar to the 2008 estimates of the Institute for Health Metrics and Evaluation (164.7 deaths; 95% CI: 140.4--190.9).[@R36] For maternal mortality, we based the high mortality scenario on the values given in LiST, 700 deaths per 100 000 births.[@R25]

The low-mortality scenario is based on Burkina Faso's 2010 demographic and health survey and multiple indicator cluster survey, which recorded 129 deaths per 1000 live births for under-five mortality and 307 deaths per 100 000 birth for maternal mortality.[@R15] For both scenarios, we calculated lives-saved estimates based on the midpoint, and the upper and lower 95% CIs for user-fee elimination intervention effects. Appendix B provides further details.

Results
=======

The interrupted time series analysis showed that the likelihood that pregnant women would give birth at a health facility significantly increased at all time-points analysed after user fees had been eliminated. A year after elimination of user charges, the relative risk of delivery in a health facility was 1.80 (95% CI: 1.46--2.20) in Dori and 1.96 (95% CI: 1.50--2.00) in Sebba when compared with the pre-intervention period ([Table 3](#T3){ref-type="table"}).

###### Likelihood of a pregnant women delivering at a health facility after user-fee elimination,^a^ Dori and Sebba health districts in Burkina Faso, September 2008--September 2011

  Months after elimination   RR (95% CI)^b^ by health district   
  -------------------------- ----------------------------------- -------------------
  1                          1.72 (1.43--2.06)                   1.94 (1.53--2.44)
  6                          1.75 (1.45--2.12)                   1.94 (1.52--2.48)
  12                         1.80 (1.46--2.20)^c^                1.96 (1.50--2.00)
  18                         1.84 (1.47--2.30)                   1.97 (1.48--2.63)
  24                         1.88 (1.47--2.40)                   1.98 (1.44--2.73)
  30                         1.93 (1.47--2.53)                   2.00 (1.41--2.84)
  36                         1.98 (1.47--2.66)                   2.01 (1.37--2.96)

CI: confidence interval; RR: rate ratio.

^a^ Total user-fee exemptions is a combination of the emergency obstetrical and neonatal care (*Soins obstétricaux et néonataux d'urgence*) subsidy and the user-fee elimination intervention.

^b^ Adjusted for district, primary health care centres, secular trend, seasonal variation, over-dispersion and population growth.

^c^ The 12-months intervention effect for Dori was used in the modelling analysis ([Table 2](#T2){ref-type="table"}) to represent the intervention effect on facility deliveries at one year.

[Table 4](#T4){ref-type="table"} summarizes the household survey sample used to study the changes in medical consultations for children less than five years of age. Between 2008 and 2009, there was a 1.5-fold and 2.5-fold increase in all-cause consultations in Dori and Sebba, respectively.

###### Characteristics of the household survey sample used to estimate the effect of user-fee elimination on malaria, pneumonia and diarrhoea treatment for children less than five years of age, Dori and Sebba health districts in Burkina Faso, 2008--2009

  Characteristic                                                                      Dori                                      Sebba                                    
  ----------------------------------------------------------------------------------- ---------------------------- ------------ --------------------------- ------------ ------------
  **Household**                                                                                                                                                          
  Surveyed per year, no.                                                              1 257                        1 098                                    831          755
  Surveyed both years,^a^ no.                                                         1 069                                     713                                      
  Annual household health expenditure in CFA franc, median (interquartile range)^b^   174 115 (110 380--299 750)                142 890 (86 240--241 525)                
  Education of head of household, no. (%)                                                                                                                                
      None                                                                            1 159 (92.2)                              802 (96.5)                               
      Attended or completed primary                                                   33 (2.6)                                  11 (1.3)                                 
      Attended or completed secondary                                                 25 (2.0)                                  3 (0.4)                                  
      Attended or completed senior secondary or higher                                5 (0.4)                                   0 (0.0)                                  
      Missing data                                                                    35(2.8)                                   15 (1.8)                                 
  **Children**                                                                                                                                                           
  Eligible, no.                                                                       1 454                        1 309                                    861          836
  Age distribution, years, no. (%)                                                                                                                                       
      \< 1                                                                            305 (21.0)                   298 (22.8)                               180 (20.9)   172 (20.6)
      1 to \< 2                                                                       233 (16.0)                   253 (19.3)                               132 (15.3)   158 (18.9)
      2 to \< 3                                                                       325 (22.4)                   210 (16.0)                               201 (23.3)   130 (15.6)
      3 to \< 4                                                                       299 (20.6)                   280 (21.4)                               187 (21.7)   189 (22.6)
      4 to \< 5                                                                       292 (20.1)                   268 (20.5)                               161 (18.7)   187 (22.4)
  **Reported illnesses episodes, no. (%)^c,d^**                                       238 (16.4)                   185 (14.1)                               100 (11.6)   73 (8.7)
      Severe illness^e^                                                               124 (52.1)                   118 (63.8)                               50 (50.0)    56 (76.7)
  Health centre visits                                                                85 (35.7)                    102 (55.1)                               28 (28.0)    51 (69.9)
      Severe episodes^e^                                                              41 (48.2)                    78 (76.5)                                17 (60.7)    43 (84.3)
      Non-severe episodes                                                             44 (51.8)                    24 (23.5)                                11 (39.3)    8 (15.7)

CFA: Communauté Financière Africaine.

^a^ Estimated attrition rate was 9.3% in Dori and 4.2% in Sebba.

^b^ Total expenses by households reporting an ill child less than five years of age. The average exchange rate over the period 2008--2009 was 510.53 CFA francs to 1 United States dollar.[@R37]

^c^ Illnesses that began within the recall period of 30 days before the interview.

^d^ Sebba visits occurred during the beginning of the rain season with little flooding, therefore fewer children were sick.

^e^ Defined by the respondent as life threating or severely impairing daily activities.

When analysing each clinical subgroup, results of the propensity score analysis on childhood consultations show that medical consultations for diarrhoea and probable malaria increased in each of the two user-fee elimination districts, whereas consultations for pneumonia only increased significantly in Sebba ([Table 5](#T5){ref-type="table"}).

###### Estimates of the likelihood of medical care being sought for children less than five years of age after user-fee elimination, the Sahel region of Burkina Faso, 2008--2009^a,b^

  Variable by health district   Estimate of the likelihood of seeking care (SE)   OR (95% CI)           Relative risk (95% CI)
  ----------------------------- ------------------------------------------------- --------------------- ------------------------
  **Dori**                                                                                              
  Fever consultations                                                                                   
      2009                      1.026 (0.502)                                                           
      2008                      −0.321 (0.338)                                                          
      Change 2008--2009         1.348 (0.541)                                     3.85 (1.32--11.18)    1.75 (1.17--2.12)^c^
  Cough consultations                                                                                   
      2009                      0.761 (0.703)                                                           
      2008                      −0.289 (0.546)                                                          
      Change 2008--2009         1.049 (0.849)                                     2.86 (0.54--15.22)    1.59 (0.67--2.15)^c^
  Diarrhoea consultations                                                                               
      2009                      1.120 (0.507)                                                           
      2008                      −0.174 (0.375)                                                          
      Change 2008--2009         1.294 (0.574)                                     3.65 (1.18--11.30)    1.65 (1.09--1.98)^c^
  **Sebba**                                                                                             
  Fever consultations                                                                                   
      2009                      2.235 (0.663)                                                           
      2008                      −0.068 (0.522)                                                          
      Change 2008--2009         2.303 (0.713)                                     10.01 (2.46--40.75)   1.87 (1.44--2.02)
  Cough consultations                                                                                   
      2009                      1.928 (0.813)                                                           
      2008                      −0.096 (0.627)                                                          
      Change 2008--2009         2.024 (0.927)                                     7.57 (1.22--46.99)    1.83 (1.10--2.05)
  Diarrhoea consultations                                                                               
      2009                      2.160 (0.660)                                                           
      2008                      −0.061 (0.519)                                                          
      Change 2008--2009         2.221 (0.713)                                     9.21 (2.26--37.56)    1.85 (1.40--2.01)

CI: confidence interval; LiST: Lives Saved Tool; OR: odds ratio; SE: standard error.

^a^ Represents fixed effects estimates from a multilevel logistic regression model. Of the 1782 households with data in both survey waves, 270 reported childhood consultations.

^b^ A propensity score term was included in the final model to adjust for confounding on observed variables. Propensity score estimation included the following covariates: age of child, identity of survey respondent, age of head of household, ongoing illness versus completed, duration of illness, and previously reported illness in 2008.

^c^ Value used in the LiST analysis to represent the intervention effect on coverage at one year.

[Table 2](#T2){ref-type="table"} provides intervention effect estimates used for the mortality projections. The estimates showed that the likelihood of using health services by those in need increased in the user-fee elimination groups. In Dori, the midpoint relative risk estimates on coverage ranged from 1.6 to 2.2 across all six indicators ([Table 2](#T2){ref-type="table"}). For all indicators, results for the two intervention districts were similar but the effect was slightly greater for Sebba ([Table 3](#T3){ref-type="table"} and [Table 5](#T5){ref-type="table"}). As the results from Dori provided a more conservative estimate of the intervention effect, those values were used in LiST modelling ([Table 2](#T2){ref-type="table"}).

We estimated that eliminating user fees saved an average of 593 lives of children less than five years of age (estimate range: 168--1060 lives) in the study population during the first year of the user-fee elimination programme. Eliminating user fees throughout the Sahel region would save an average of 1350 lives of children less than five years of age (estimate range 383--2414 lives) and reduce child mortality by an estimated 11% (estimate range 3--20%); from 235 per 1000 live births in 2008[@R15] to 210 per 1000 live births in 2009 (estimate range 189--228) ([Table 6](#T6){ref-type="table"}). Delivery in a health facility had a modest estimated impact on maternal mortality. Model projections show that 40 (95% CI: 29--51) women's lives were saved in the study population, and that 91 (95% CI: 67--117) would be saved if a similar intervention were introduced throughout the Sahel region.

###### Projection of lives saved after user-fee elimination in children less than five years of age in the study districts, and projection for the entire Sahel region of Burkina Faso, 2008--2009

  Scenario^a^   Dori and Sebba districts,^b^ midpoint number of lives saved (95% CI)   Sahel region                         
  ------------- ---------------------------------------------------------------------- ------------------- ---------------- ------------
  Average       593 (180--921)                                                         1350 (409--2 097)   210 (195--227)   11 (4--17)
  Low           482 (168--699)                                                         1098 (383--1 593)   215 (205--228)   9 (3--13)
  High          772 (168--1 060)                                                       1758 (383--2 414)   201 (189--228)   15 (3--20)

CI: confidence interval.

^a^ Mortality scenarios were defined based on uncertainty in coverage values for the child health indicator "receipt of antibiotics for pneumonia in 2008". The average scenario is based on the overall midpoint from a representative survey of 16 districts in a recent evaluation of a programme to improve maternal and child health in Burkina Faso; low and high scenarios reflect the highest and lowest midpoints from the 16 districts.[@R26]

^b^ The study districts represent 44% of the Sahel population.

^c^ In 2008, the mortality rate was 235 children less than five years of age per 1000 live births in the Sahel.[@R15]

When simulating a nationwide user-fee elimination, the projected under-five mortality was reduced by 16% (95% CI: 4--26) in the high-mortality scenario and 17% (95% CI: 4--26) in the low-mortality scenario ([Table 7](#T7){ref-type="table"}).

###### Projection of child and maternal lives saved after user-fee elimination in Burkina Faso, 2008--2009

  Scenario   Children less than five years of age                    Mothers                            
  ---------- -------------------------------------- ---------------- ------------ -- ------------------ ----------------
  Low        14 183 (3719--20 451)                  107 (97--124)    17 (4--26)      489 (366--637)     232 (210--251)
  High       19 200 (5070--29 892)                  148 (131--169)   16 (4--26)      1123 (880--1456)   529 (429--572)

CI: confidence interval.

Notes: Scenarios were defined based on differences in estimated mortality rates. In Burkina Faso 2008, for the low mortality scenario the child mortality rate was 129 children less than five years of age per 1000 live births[@R15] and the maternal mortality ratio was 307 per 100 000 live births.[@R15] For the high mortality scenario, the child mortality rate was 178 children less than five years of age per 1000 live births[@R25]^,^[@R35] and the maternal mortality ratio was 700 per 100 000 live births.[@R25]

The main sources of the modelled mortality in children were malaria, diarrhoea, pneumonia and neonatal causes. The main health interventions for projected under-five lives saved were anti-malarials, antibiotics for pneumonia, oral rehydration salts for diarrhoea, labour and delivery management, antenatal corticosteroids for preterm labour, and neonatal resuscitation. The latter three interventions, associated with delivery in a health facility, reduced neonatal mortality. Other interventions contained in the LiST model reduced mortality by 5% or less ([Table 8](#T8){ref-type="table"}).

###### Projected reduction in mortality by intervention for children less than five years of age, in the Sahel region of Burkina Faso, 2008--2009

  Intervention                                             Mean reduction, % (range)
  -------------------------------------------------------- ---------------------------
  Antimalarials: Artemesinin compounds for malaria         34 (24--50)
  Oral antibiotics: case management of pneumonia           18 (0--43)
  Oral rehydration solution                                9 (5--14)
  Labour and delivery management                           13 (5--25
  Antenatal corticosteroids for preterm labour             8 (4--15)
  Neonatal resuscitation                                   4 (2--7)
  Clean birth practices                                    3 (1--5)
  Antibiotics for preterm premature rupture of membranes   2 (1--4)
  Improved water source                                    2 (2--5)
  Immediate assessment and stimulation                     2 (1--4)
  Hand washing with soap                                   2 (1--3)
  Clean postnatal practices                                1 (0--2
  Thermal care                                             0 (0--1)
  Syphilis detection and treatment                         0 (0--0)
  Promotion of breastfeeding                               0 (0--0)
  **Total^a^**                                             **100**

^a^ Inconsistencies arise due to rounding.

Note: All intervention definitions from LiST.[@R25]^,^[@R27]

Discussion
==========

Previous studies have shown that when user charges are abolished, the use of health services tends to increase. However, it has been unclear whether this increase reflects appropriate use of health services and evidence for improved health is lacking.[@R38] Our findings show that a complex intervention based on eliminating user fees for pregnant women and children increased intervention coverage. Multiple independent statistical analyses exploiting distinct analytical methods and data sources confirmed that service coverage was approximately one and a half to two times higher in the districts where user fees had been eliminated, as compared with the comparison districts. Model-based projections for a single year show that coverage increases are likely to have brought about substantial reductions in neonatal and child mortality, and a modest reduction in maternal mortality. As the intervention was carried out in a region with poor health indicators, the estimated reductions in mortality are therefore particularly important.

Strengths of the study include the following: the use of a validated model to project mortality impact; availability of high-quality data from a study designed specifically to measure the user-fee elimination effect; employment of appropriate study designs and statistical methods to quantify the intervention impact while controlling for potential confounding variables and selection biases; exploitation of multiple data sources and statistical techniques to enable cross-checking of results and convergence on reasonable values for intervention effects; and a conservative approach to estimating mortality impact.

The modelling approach was conservative in several ways. First, numerous health interventions affected by the user-fee elimination programme could not be modelled due to lack of data -- for example, antenatal care visits, childhood vaccinations, breastfeeding promotion, antibiotics for dysentery, zinc for diarrhoea and vitamin A for measles. Second, the analyses used estimates from the health district with the lower intervention effect. Third, time-series analyses for facility deliveries show increasing intervention effects over time not captured in this one-year analysis. Fourth, other analyses show a stronger intervention effect in those at higher mortality risk.

There were several study limitations. First, mortality projections were based on mathematical modelling. We lessened the risk of error by using a validated model to estimate mortality with conservative assumptions and extensive sensitivity analyses. Second, for some key parameters, there is uncertainty regarding baseline levels. We developed scenarios reflecting a range of reasonable values from the strongest available data sources. Third, we were unable to consider statistical uncertainty associated with parameter estimates from the demographic and health survey data,[@R15] as only average values were available. This limitation is common to all LiST analyses and likely to have a non-systematic impact on mortality projections. Fourth, we focused on overall effects. A separate analysis demonstrated that the intervention benefitted the poor.[@R29] Fifth, increasing consultations does not guarantee appropriate treatment and eliminating user fees can have potential negative effects on service quality.[@R38]^,^[@R39] Fifth, during the user-fee elimination it was shown that the quality of prescriptions was maintained.[@R40] Insofar as the quality of care was similar before and after the intervention, effectiveness remains constant and therefore the conclusion that lives would be saved holds valid. However, inappropriate treatment practices would reduce the estimates of absolute numbers of lives saved. Sixth, while convergence of findings from multiple data sources and methods promises good internal validity, generalization of results to the national level requires evidence of external validity which is currently lacking. We therefore recommend that national projection estimates should be seen as exploratory.

Research on interventions to improve the delivery, practice and organization of health-care services poses challenges. Mortality averted by such interventions cannot be directly observed and an individual or cluster randomized trial of proven interventions with a mortality endpoint is not likely to be performed for reasons of ethics and feasibility. Under the circumstances, judicious synthesis of observational evidence using rigorous statistical techniques, multiple data sources and mathematical modelling is a suitable approach to answer an important policy question. Conclusions should be interpreted with appropriate caution.

Three published studies have examined the estimated impact of eliminating user fees on mortality. A mathematical modelling study explored the impact of a hypothetical user-fee elimination programme in 20 African countries and concluded that eliminating user fees for pregnant women and children could contribute to saving lives.[@R5] A case study used LiST to illustrate how a range of government policies in the Niger, including provision of free health care for women and children, decreased child mortality.[@R41] An econometric analysis of Thailand's "30-baht" health-care reform, which sharply increased funding for hospitals while reducing co-payments, found that the programme increased access to health care among the poor, reduced infant mortality and equalized disparities in infant mortality.[@R42] These three studies are in line with our conclusions that the abolition of user fees has lifesaving potential. However, the data used in the modelling study[@R5] to estimate intervention effects are dated, and rely on studies from several countries and programmes with differing degrees of controls for confounding factors. The studies in the Niger[@R41] and Thailand[@R42] traced observed results of an ensemble of policies and did not specifically address the question of user-fee elimination.

A single randomized controlled trial in Ghana provides the only direct evidence of the impact of removing out-of-pocket payments on health outcomes in developing countries.[@R43] It shows that in this study setting, eliminating user fees had an effect on care-seeking behaviour but not on the measured health outcomes. Possible explanations for this lack of effect include limited statistical power, failure to remove other barriers to service use, the possibility that the increase in using the intervention was too small to produce a clear effect on health, and residual confounding factors.[@R43]^,^[@R44] Results nevertheless demonstrate the value of measuring health endpoints in addition to those relating to service use.

Most low- and middle-income countries are unlikely to achieve MDGs 4 and 5 by the 2015 target date.[@R3]^,^[@R35]^,^[@R45] Alongside other strategies targeting non-financial barriers to access,[@R46] our findings demonstrate that well designed policies to eliminate user fees can contribute to attainment of MDGs 4 and 5 and advance universal health coverage.

The most important question now concerns whether these results can be replicated at scale. Although embedded in the existing health system, this instance of user-fee elimination was implemented in a specific locale with the help of a nongovernmental organization. To date, most user-fee elimination policies led by national governments in western Africa have faced implementation difficulties. In the light of the existing evidence and study design challenges, as the next step, we recommend that user-fee elimination should be introduced on a wider scale, accompanied by rigorous evaluation. Effective scale-up will require careful policy design to ensure that solid financing mechanisms are in place,[@R39] and reduce potential problems related to weak health systems, including deficiencies in human resources management, quality of care, supply chain logistics, and informal payments.[@R19]
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